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CHAPTER 1 



DESCRIPTI-)N OP MATEmiS, SCKOOIS, TEACHERS, AND STUDENTS 

1,1 I4aterl;g^ls and T : r:.es of Schools 

This paper is a part of the analysis of the data 
obtained from the field testing of Interinedlate r^athematios , 
an eleventh-grade experimental textbook by Zalman Usiskiari. 
The motivation for the author to write this book consisted 
of his" observation of 1) the coverage of many disjointed 
topics in eleventh-grade math, 2) the lack of reliance on 
geometry, 3) the distorted view of math provided by 
•^Algebra 2" classes that have little to do with algebra, 
and ^) an equally distorted view of applications. 

This textbook was tested during the 1972-1973 scViool 
year in four different types of schools as shovai in the 
following table. The classification is b.^sed on the use 
of Geometry; A Transformational Anr* roach (GATA ) or a non- 
transformational geometry in the tenth grade and the Inter - 
mediate Mathematics (IM) or a traditional eleventh-gr.qde 
text the following year, The traditional texts used were 



Tenth-Krade math 



Eleventh- 
srade math 



GATA 



Traditional 



IM 



B 



Txadltlonal 



C 
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Modern Al:g:ebra and Trig by Dolciani, Berman, Wooton; MSM ; 
Al:>:ebra 2 and Trig by Dolciani, et al; and Algebra Two with 
TrAp: by Payne and Zamboni. 

The teachers in all four types of schools were 
volunteers to be in this study. Pre- and post-tests on 
standard algebra content were adniinistered to all of the 
groups. Opinionnaires consisting of thirty-two questions 
in September and thirty-one questions in Jrnie were given. 
The first twenty questions on e?ch were to measure feelings 
of like, dislike, fear, enthusiasm, etc. for math and were 
from the attitude acale of Aiken and Eregerl The following 
ten~questionS'-we re -concerned with what the student perceived 
math to be and >had statements on applications, relations 
of proof to math, etc. One question asked if the student . planned 
on taking math the coming year. The September form contained 
one question not on the June form which asked -for the 
occupation of the chief -money earner in the family. (See 
Appendix 1 for a copy of the Opinionnaire . ) Opinionnaires 
were given to the stude^^ts four times during the year. 
During the author's visit to the schools, however, a couple 
of the teachers stated that some of ..the students aijpeared to 

' not be marking these reliably. The author, in his comments to the 
students., then stressed the importance of these opinioimaires . 
Thus, it was decided to^ use only the first and last of these 
opinionnaires' for analysis. Only the forms of .the students 

• who ^haclT completed both of these Opinionnaires were analyzed. 

.^Lewis R. Aiken, "Personality Correlates of Attitude Towards 
Q Mathematics," Journal. of Educatlonnl Research , 56: ^76-30 
ERIC (J^s^y* i963). 
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1^2 Teachers 

A total of thirteen teachers were involved in this 
study,. „s even with experimental (AG) classes and six -with, 
control (BD) classes. In Taole 1.2a, it is seen that each 
teacher taught one, two, or three clas -es in this study. 

Table 1^2a 

DISTRIBUTION OF TEACHERS AMONG CLASSES 

■ No, vrith No, with- No* with Total No, 
one two . three of 
'Class classes class.es classe s 

------ -.--It 

Experimental k 3 0 10 

Control * 1 k' 1 ■ 12 . 



The teachers were asked various questions about their 
b£?ckgrounds in math and their teaching experience. Table 1,2b- 
Indicates that in both the experimental (AC) and the control {3D) 
groups, the teachers had' approximately the same general 
teaching experience and eleventh-grade teaching experience 
although the experimental group had one inexperienced, teacher* 
Teachers in both groups had completed approximately the 
sane number of algebra courses. It should be noted that 
tKO of the experimental teachers had no college courses on 
algebra. The: two groups of teachers had "nearly the same 
amount. of formal exposure to the concepts relating to the 
experimental text, Md're of the. experimental teachers, 
however, had actually introduced these into their eleventh-grade 
curriculum • 



if 



TASLS 1.2b • 

SELECTED CHAILACTSHISTICS PERTAINING TO THE MATHEMATICAL 
AND TiEIACHING ,3ACKGH0U:.ID OP 
•EXPERIMENTAL AND CONTROL TEACHERS . ' 



No. of 

Experipiental 
Teachers 



No. of 

Control 
Teachers 



Number of years teaching 
high school or college math 
including present year 
1 

2-3 ' 

6-7 
8- . 

Number of years teaching 
llth-grade college-bound 
math including present ' 
year 

1 

2- 3 •■ - 

if-6 

7- 

Number of college courses 
taken vr-lth emphasis on 
algebra. 
0 

1-2 

3- if 
5-8 

Number of teacher's 
studying listed topic in 
a formal course 
Matrices 

Vectors 

G-roups 

Homomorphisms 

Linear transformations 



2 
2 
2 



2 
1 

3 

1 



2 
1 



7 
6 

7 
5 
6 



1 
2 

3 



3 
1 
2 



1 
1 



6 

5 
6 

5 
if 



Hef lections, rotations, 
isometries, etc. 



if 



5 



'TABLE 1.2b-Contlnued 

SELECTED CHARACTERISTICS PERTAINING TO THE MATHEMATICAL 
AND TEACHING BACKGROUHD OF 
EXPERIMENTAL AND CONTROL TEACHERS 

' No^ of '■ No. of 

Experimental Control 
Teachers Te a c h e r s 



Number of teachers 
incorporating listed 
topic into courses 
taught ■ . 

Matrices 6 . ^ 

Vectors 2 

Groups 5 1 

. Homomorphisms 1 .1 

Linear Transformations 3 • . 2 



Reflections,^ rotations, 
isometries , etc • 



2 



1,3 Students 

When the study was set up, an attempt vras made to 
match" as closely as possible the AC schon'ls with BD schools 
having students of similar Interests and ^ ^blllty, ^ Table 1,3 
shows the number of students In each type of school by sex. 

TABIE 1.3a 

DISTRIBUTION OP STUDENTS 31 SEX AND TZPES OF SCHOOLS 



No, of No, of No, of 

females males • total students 



A 


52 


62 


114 


B 


0 


89 


. 89 


G - 


22 


34 


56 


D 


115 


230 


86 

. 353 



Unfortunately there were no feiiale students In type B 
schools which made it v.ery hard to analyze the subgroaps 
by sex* It also can be seen that there are only half as 
many female students in this study as there are male 
students, c^ven after taking into account the fact that 
there were no tyDe B females, there are still more males. 

To check how closely the schools matched, an attempt 

was made to identify each student by the job classification 

of the chief money earner in his. family. The student's 

response to the question asking for this informaitlon was 

2 

compared to a table of job types with ratings attached, 
2 '. 

Warner, Meeker, -and EeHs, Social Glass in America ^ (Science 
Research Associates, Inc , , 19^9 ) j ppl^O-141 , 
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♦ 

To accurately determine the socio-economic class .this 
table Is used as only one of the determining factors. Thus, 
this gives only an approximation . for social class for the 
students becauses It is only a job clssslf ication. Table 1.3b 
compares the experimental eleventh-grade text students (AC) 
with the traditional eleventh-grade 'text students (BD) by 
these ratings, (Siee Appendix 2 for the complete table of 
job listings). 



TABLE 1,3b 

.OCGUPATIOIT OF CHIEF HONEY--SAHMER IN FAMILIES 
OF EXPERIMENTAL AND CONTROL STUDENTS 



Occupational 
Hatinp; 


No. of 

Experimental 
Students 


No, of 

Control 
Students 


1 


26 


27 


2 


50 


^9 


3 


35 


38 


i^ 


2^ 


28 


5 


22 


21 


6 


10 


11 


7 

Totals 


170 


1 

175 



This almost perfect one-to-one correspondence was hoped for 
but is even closer than was expected. 



CHAPTER Z 



STUDENT ATTITUDES 



2,1 General Attitudes 

The general attitude of each student toward math 
was measured by the first twenty questions on the Opinionnaire* 
The student had five possible responses: strongly agree, 
agree, undecided, disagree, strongly disagree. The student's 
responses are scored by giving one point to the response 
that indicates the most negative attitude toward math and 
giving five points to the response that indicates the most 
positive attitude tovmrd math. Thus, the scores for the 
twenty questions range from a low attitude of .twenty to 
a high attitude of one-hmdred, A score of sixty is • 
neutral. Table 2,1a contains the September and June mean 
scores, . standard deviation and t-test value for different 
populations , 

. Using the fact that for these numbers a t-value of 
1,960 would be significant at ,05 level, we see that there 
are no significant changes in scores from September to 
June for any of the groups. 

Comparing the September AC and September BD scores 
gives a t-value of 3»110 which is a significant difference 
in attitudes between the two groups with the control (BD) 
group leiss positive. The lower mean is caused mainly by 
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TABLE 2.1a 

MEAN ATTITUDE SCORES AND t-VALUE3 FOR EXPERIMENTAL AND 
CONTROL STUDENTS IN SEPTEMBER AND JUNE 



Population — Month 


N 


Mean 


otanclara 
Deviation 


t 


A-Septenber 


11^ 


76.00 


13.8 


--O.25I 


A-June 


114 


75-5^ 


13.6 




B-September 


89 


67.07 


14.9 


-0.297 


B- June 


89 


66.34 


17.8 




C-September 


56 


67.46 


14.1 


1.437 


C-June 


56 


71.28 


. 14.0 




D-Sept ember 


86 


69.50 


15.1 


0.307 


D-June 


86 


70.23 


16.2 




AC-Septeaber 


170 


73.19 


14.4 


■ 0.621 


AC- June 


170 


74.14 


13.9 




BD-Sept ember 


175 


68.26 


15.0 


-0.001 


BD-June 


175 


68.25 


17.1 




ABCD-September 


345 


70.69 


14.9 


0.396 


ABCD-June 


-345 


71.15 


15.8 





ERIC 
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the type B students who are all male and attend -a . 
private school. If eleventh-grade math is required of all 
their student- then this could account for why their mean 
scores are lower. The difference in June betvzeen these 
two has a t-value of 3.512 vjhich is significant and again 
the control group is less positive. It can be seen that 
the difference increased by noticing in Table 2.1a that 
the BD attitudes remained constant while the AC scores went 
up slightly,, although not significantly. 

Table 2.1b shoves for various groups by sex the mean 
attitude scores, the standard deviation, and the t-values 
for September and June. There are no significant differences 
between September and June scores for any of these subgroups 
based on sex. The males and females tend to shift ih the same 
directions with the exception of type D schools where the 
females' attitudes rose and the males' attitudes dropped. 
It can be noted that none of the mean scores dropped below 
the neutral value of sixty, so all the groups had somewhat 
positive attitudes towards math both in September and June. 

Another way of representing this material is to use 
a matrix representation to tabulate the scores. This will 
show v^hether the students' attitudes have remained the same 
or if some, and if so which ones, have greatly changed their 
views of math. Table 2.1c contains the AC mean scores 
and the BB mean scores plotted by September against June 
scores. This frequency distribution table has ten intervals 
of approximately nine points each in each direction. A 
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. TABLE 2.1b 

MEAN ATTITUDE SCORES FOR MALE AMD FEMALE EXPERIMENTAL AITD 

CONTROL STUDENTS 



Standard 



Population — Month 


N 


Mean 


Deviation 


t 


Females -Sept ember 


115 


71.28 


15.2 


0.744 


Females-June 


115 


72.78 


15.3 • 




Males-September 


230 


70.40 


14.7 


-0.036 


Males- June 


230 


70.34 


16.1 




A Females-September 


52 


76.63. 


13.2 


-0.232 


A Females- June 


52 


76.02 


13.9 




B Females-September 


0 








B Females- June 


0 








C Females-September 


22 


66.78 


15. 9?^^; 


■ 0.709 


C; Females -June 


22 


70.23 


16.4 




D Females-September 


^1 


66.90 


15.4 


0.903 


D Females-June 


41 


'70.02 


15.8 




A Males-Sep::amber 


62 


75.47 


14.4 


-0.129 


A Males -June 


62 


75.15 


13.5 




B Kales-September 


89 


67.07 


14.9 


-0.297 


E Hales-June 


89 


66.34 


' 17.8 




0. Males-September 


34 


67.91 


13.0 


1.311 


C Males -June 


3^ 


71.97 


• 12.5 




D Males-September 


45 


71.87 


14.5 


-0.4388 


D Males-June 


45- 


70.42 


16.6 
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TABLE 2.1c 



FHEQUENCY DISTRIBUTIONS OF SC0R2S FROM SEPTEf4BER AW JUNE 
OPIInIIONNAIRES for AC AND BD STUDENTS 



AC 

June 
20-27 
28-35 
36-43 
44-51 
52-59 
69-67 

68-75 
76-83 
84-91 



3. 



1 
1 
2 
1 



2. 

6 

2 
2 



2 

3 
*3 
12 

^13 

6 



1 

6 

14. 



1 
1 

3 



2 
3 



92-100 
3D 



1 1, 3.^8^4 

20-27 28-35 36-43 44-51 52-59 60-67 68-75. 76-83 84-91 92-100 

September 




J ' 2 3 **! 2 

20-27 28-35 30-43 44-51 52-59 60-67 68-75 76-83 84-91 92-100 

September 
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shift f ro:a one interval to the next Interval Indlqates a 
change of from one to seventeen points. Ihe heavy line 
indicates attitudes that did not change intervals. The 
dotted lines are thjse that changed by one interv^'.l. 
Scores above the lines indicate change in the ne.'rative 
direct ion .and score.s below the lines indicate chanfcie in 
the positive direction. Approximately thirty percent of 
the students In each group had attitude changes of over 
one interval. The changes occur ilr. students who previously 
had scored at all attitude levels. There is no one group 
vjhich greatly changed their attitudes as the changes are 
distributed throughout the attitude range and are both 
positive and negative. 

A chi-square test was made to co^ipare the distribution 
of attitude scores with social classes as measured by the 
Job classification. It was found that social class and 
attitude were independent for all groups except the control 
group vrhich had a chi-square of 90.0 and the control males 
which had a chi-square of 7^.9. A chi-square of 72.2 is 
significant at the .10 level which indicates only a 
slight dependence of attitude and social cl^^^ss. These 
dependences vrere found only for June as all the September 
scores are Independent of social class 



2.2 Specific Questions 

Q^estlons numbers twenty-one to thirty-one on the 
Opinlonnalre are here considered separately, although 
several of theni deal with basically the same topics, Table2.2a 
contains the mean for the AC and 3D students and the t-value 
comparing these two for September and June for each of 
these questions. 

Questions 21, 2^^, and 2? all are about applications 

of math. For number 21 a high score is regarded as posltve 

towaixi' math. Using the .05 significance level, where I.96O 

3 

would be a significant t-value , there was no significant 
difference between -the experimental and control students 
in their ansv;ers in September. In June, however, there was 
the highly significant difference at the ,001 level. The 
AC students themselves changed their. scores significantly 
higher and the BD students dropped their scores though not 
significantly* This combination made a very significant 
difference in their June scores. The only subgi^oup that 
changed significantly were the type C females who changed 
from 3.68 to 

Question 24 has a low score being regarded as positive. 
Table 2.2a shows that although there was no difference in 
scores between BD and AG in September, there was a 
significant difference in June. The AG mean h^d dropped 
which was an action Ih the positive direction. Comparing 
the BD males and females shows a significant difference 
in ^ June, The females' mean h^d dropped from 2.86 ^l&b 
3 

-'All measurements will be at the .05 significance level 
unless othen^iise stated. 
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TABLE 2.2a 

MEANS FOR EXPERIiffiNTAL AND CONTROJ^ STUDENTS AND t-VALUES 
FOR SEPTSi'SSR AND JUNE FOR SPECIFIC QUESTIONS • 



Question Septeir;ber Jime ■ 

Number 

AC laean BP mean t AC mean BDmean t 

21« tothematics 
has a large 
number of applica- 
tions to a wide 
variety of situa- 

tlons.(+) 4,01 3.87 -1.653 ^.21 3-75 -^.909 

22* Mathematics is 

a collection of 

rules which seem • . . 

to come from no- • 

where. (-) - 2.20 2.65 4.17^ 2.10 2.49 3.805 

23* Itost of the 
mathematics usedby ■ 
mathematicians to-' 
day was knov/n to 
the ancient Greeks, 

(-) 2.89 2.76 -1.383 2.64 3.03 3.829 

24. Almost all of ' , 

the uses of math- 
ematics are in 
chemistry or ' 

physics. (-) 2.65 2.83 1.489 2.53 2.81 2.471 

25 • There are post- 
ulates (assumptions 
or axioms) in al>se- 
bra which have the 
same role as postu- 
lares in geometry. 

(+) . 3*62 3.60 -0.229 3.83 3.64 -2.572 

26. Mathematical 
rules are often 

closely related " . 

to each other. (4-) 3.96 3.85 -1.647 4.02 3.84 -2.516 
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TABLE 2.2a-Contlnued 

MEANS FOH EXPERIMENTAL AND CONTROL STUDENTS AND t- VALUES 
• FOR SEPTEilBSR AND JUNE FOR SPECIFIC QUESTIONS 



Question September June 

I\ru2iber 

AC mean BP mean t AC mean BP. mean t 

27c Other than 
arithmetic, mathe- 
matics does not 
have too many 
uses outside of 
mathematics itself. 

(-) * 1.82 2.15 -3.25^ 1.85 2.25 ^.083 

28. I .usually can 
understand mathe- 
matics from a book 
without a teacher's 

explanation. (+) 2*69 2.52 -1.^^5 2.82 2,^9 -2.633 

mathematical 
t^ieorems are dis- 
covered every year. • 
(+) 3.27 3.30 Q.2k7 3.^3 3.22 -2.585 

30. Proof belongs 
to geometry not 

algebra. (-)_ 2.69 2.87 1.520 2.30 2.7^ 3.610 
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2.58 while the males' mean rose from 2,32 to 3.01\ There 
seems to be no simple explanation for the change in the 
feiJiales' scores in the desired direction and the change in 
the males' scores in the opposite direction. 

Question 2? has a low score being positive. The 
table indicates that in September, there existed a signifi- 
cant difference between the two groups. The difference 
.was greater in June because the BD mean increased slightly 
"though not significantly, in the negative direction. The 
subgroup of AC showed no significant dlilference between 
sexes in September but- in June the difference was sig- 
nificant with the females score changing from I.78 to 
1.68 and the males'* scores from 1.86 to 1,96. Although 
neither change was slgnific§,nt in itself, the combined 
effect was significant. The bulk of the incorrect change 
on the part of the males vp.s caused by the type A males 
who changed their me^n from I.65 to 2.02. Again, no 
explanation can be given whj^ the males changed their mean 
in the direction not positively related to math. 

In summation for the three questions on applications, 
all three questions showed significant differences in 
June between the experimental and control groups and two of 
these originally had no significant differences in September. 
All the differences in mean scores were in favor of the 
experimental students. 

Questions twenty-two and twenty-six have to do with 
the internal consistency of math. Question 22 has ♦ a low 
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score "being positive. In September there is a highly 
significant difference between the two groups and there 
still is in June because both groups change their scores 
in the direction des-ired. In the control group, there is 
no significant difference between sexes in September, but 
in June there is a significant difference. The females 
have dropped their mean from 2«60 to 2.31- while the males 
have only dropioed their mean from 2,69 to 2.63. 

On -question 26 a high score is desired. Table 2.2a 
indicates that there was no significant difference between 
the ejqperimental and control students', in September and 
that in June the difference was significant because of an 
increase in me?^n by the. AC students. None of the subgroups 

had a significant difference in scores. v 

.1 

Thus on the questions of interna^- relationships in 
math, there are significant differences between the groups 
in June for both questions while September had only one 
group with a difference. The changes on both questions 
were in the positive direction for the experimental students 

j^uestions 23 and 29 have to do with vrhether math is 
a purely historical subject or is still growing today. ■ . 
Qpi question 23 a low score is desired. In September there 
is no significant difference between AC and BD while in 
June there. is significant difference at the .001 level. 
This is caused by the fact that there is significant change 
in the BD mean from 2.76 to 3.0 J which is in the negative 
direction. A large part of the AC change is due to the 
fact that A changes significantly from 2.82 to 2.55'. A 
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. large part of the BD change is due to the fact that B change 
significantly from 2 ,79 to 3.11. Another subgroup that 
changes significantly is the type C females v^o drop their 
mean from J.m^ to 2v50. There are significant differences 
between the sexes in September for the control schools 

..with the females scoring more positively than the males. 
They both change their means in the negative "direction and' 
thus are significantly different in June also, the females 
changing -from 2..60 to 2,87 and the males changing from 2,39 
to 3.17. 

'Question 29 has a high score being positive. Table 
Z,2a shows that there was no siignif leant difference in 
means between AC and BD students for September but that 
by June, the difference was signlficani. The AC mean score 
had changed in the positive direction. Of the possible 
subgroups, type B students, which were all male, had ■ 
slgTiif icantly changed their mean in the neg-otive direction 

from 3,37 to 3.11* 

Thus for the questions concerning the contemporary 
growth of math, both showed no significance difference 
between the groups in September and significant 
dlf f erences ■ in June with the experimental group moving 
in the positive direction. Type B students, who had the 
' transformational geometry .and the traditional eleventh-grade 
texts, changed significantly in the negative direction for 
both questions • ^ ■ . 
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Questions 25 and 30 are concerned with proofs and postulates 
and their relation to algebra. On question 25 a high score 
is desired. Table 2.2a indicates that though there is no 
significant difference in September betvreen the experimental 
and control students,, there is a significant difference 
in June. This is caused mainly by the AC group which 
changes significantly in the positive direction from 3 •62. 
to 3.83. Type C changes significantly from 3*^5 to 3«75* 
Type D changes significantly from 3.^^ to 3.69* The group 
of all females also changes significantly from 3«51 to 3*80. 
The type C females change significantly from 3.27 to 3 •86. 
All the students changed their mean significantly in the 
positive direction from 3«6l to 3»73« 

Question 30 has a low score being a positi^^'e ansv^er* 
In September there w^s no significant difference between 
the AC and BD groups but in June the difference had become 
significant. This was largely due to the AC group changing 
significantly in the positive direction. Type C students 
changed their score significantly from 3.04 to 2.34. The 
group of all males in the study changed their, mean scores 
significantly from 2.87 to 2.57 which brought their mean 
closer to that of the females. Tyoe C males chaiiged sig- 
nificantly from 3.03 to 2.30. All the -students changed 
their mean from 2.79 to 2.52 significantly in the positive 
direction. 

For both of the questions about the relationship of 
postulates and proofs to algebra, there was no significant 
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difference in mean scores for experimental and control 
groups in September, but there were significant differences 
in June in favor of the the experimental students. There 
^/rere significant changes in AC and specifically In C, the 
gn up which had not used the transformational geometry, in 
the positive direction on both questions. Also these tvio 
were the only questions that for the v'hole study population 
showed significant changes in score and these changes were 
in the positive direction. 

Question 23 is intended to measure the reading 
level difficulty of the text. Table 2.2a indicates that 
though there was no significant difference in September, 
there was a significant difference in June with AC moving 
tovjard an easies understanding of the text and BD. toward 
having more difficulty with reading the text although 
neither of these changes is significant. 

The Students were asked in Question Jl whether 
they intended to take math the following year. The results 
of this question were tested against attitude and social 
class to see which, if either, had an effect on the student* 
pursuing more math. In September when the attitudes x^ere. 
plotted against the intentions to pursue math, a chi-square 
test indicated that these two were not independent for 
the experimental students with chi-square of 50-8 for the 
•AC and are just barely independent for BD with a chi-square 
of 30.3 which is significant at •lO level. In June when 

% chi-square value of 31.5 -'is significant' for 18 degrees 
of freedom at .05 level. 
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the attitudes were again plotted against the inte^tions to 
pursue math, it was found that the two were not independent 
for either group by a chi-square of ^2.7 for AC and of ^7.3 
for EE. In the subgroups of the males for BD, a chi-square 
value of 53.7 shox^ed they v/erenH independent for June. 

'^^ The social classes vrere also plotted against the in- 
tention to continue math. The chi-square of this tabulation 
for each group shows these to be independent. Table 2.2b 
compares the figures for AC and BD for both September and 
June^ 

In comparing the September and June responses 
on .continuing math, each group and subgroup were analyzed. 
The June scores were dependent on the September. Table 
2.2c contains these data. The number of experimental 
yes responses stays the same while the maybe responses 
decrease and the no responses " Increase . For the control 
group the no responses stay the same while the maybe responses 
decrease and the yeses increase. To possibly analyze why 
the BD group . Increased the number of yes responses while 
the AC group increased the number of no. responses, it was 
noticed that the BD increase appeared to be In the males 
so the type B students (all males) were hand checked. In 
September 25 of the S"9 had responded maybe or no while in 
June only 6 of the 89 did not say yes. Recalling that attitude 
and the intention to pursue math are not independent and 
that the B group had the lowest attitude, it is possible 
that a fourth year of math is required or strongly urged.. for th 
students . 
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TABLE 2.2b • ; 

NUMBERS OP STUDENTS PLANNING TO CONTINUE IN MATKEI-L^TICS IN 
THE EXPERIi-SNTAL AND CONTROL POPULATIONS BY 
- • ' THE OCCUPATION OF THE CHIEF MOI^JEjT EARI^R /. 

. IN TrE FAMILY 





. ExTjeriaental 


Control 


Occupation 


No. of- 
Students 


N'o. 

Contlnuin,^ 


No, of 

Students 


No. . 

Cont Inulnc; 








• 




1 


26 


19 


27 


13 


2 


50 


33 


49 


25 


3 


35 . 


25 


38 


27 




2i^ 


14 


28 


23 


5.. 


22 


.14 


21 


13 


6 


10 




11 


5 


7 


S 


1 


1 


0 












1 


26 


17 


27 • 


17 


2 


50 


31. 


49 


33 


3 


35 ■ 


25 


.38 


31 




■2k 


17 


28 


*25 


5 ■ 


22 


13 


21 


20 


6 


10 


7 


11 


10 


? 


3 


1 


1 


0 



TABLE 2.2c ' 

NUI'IBEHS OF STUDENTS PLANNING TO CONTINUE IN lUTEEFiATICS IN THE 
• EXPERIMENTAL AND CONTROL POPULATION BY SEX 



P opula t i on- Month 


♦ ' Responses 
yes 


no 


maybe 


AC; 

Pe males-Sept ember 


42 


10 


22 


Pe ma le s — June 


41 


29 


4 


Males-September 


70 


8 


18 


Males- June 


70 


15 


11 


Total-September 


112 


18 


40 


.OJotal-Jime . 


111 


44 


15 


BIT 

Females-September 


18 


12. 


11 


Females- June 


21 


16 


4 • 


Males-September 


88 


15 


31 


Males- June 


115 


15 


4 


Total-September 


106 


27 


42 


Total- June 


136 


31 


8 , 



CHAPTER 3 
TE.\CHSR REMARKS ABOUT THE .TEXTBOOK 



At the end of the year a question form was given to 
both sets of teachers » Some of the questions on the 
experimental form asked specifically about certain sections 
of the IM text. Both forms asked where difficulties in 
subject matter occurred, use of text aids, etc. Only the 
questions that had any bearing on attitudes are considered 
here in Table 3a • 

The AC teachers felt the text was for .average to 
above-average students and thought the reading level was 
easy* They also approved of the number of applications 
while control teachers wanted more applications. The AC 
teachers felt stronger about recommending their text than 
did the control teachers. Two experimental teachers felt ■ 
they would have trouble with the math but said that 'they 
did not. 

The two experimental teachers who vrould not 

recommend" the book are both type C. One said he would 

not recommend it for students vrho had not studied the GATA. 

The other teacher was indifferent. The only teacher who 

felt that the reading level was hard was a type C te?^cher. 

On the questions that asked specifically, about sections 

of the IM book there is a general consistency in response 

•with the exception of two teachers, one type C and one 

"type A» These are the two teachers who did not list having 

any college algebra courses. This means that the 

25 
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teachers who have no background will probably not like 

the IM text, although they stated that they had no difficulty 

with the math in the text. 



TABLE 3a 
TEACHER BESFONSSS TO QUESTIONS 



Question 



No. of 

Experimental 
Teachers 



Ho., of 

Control 
Teachers 



In general, I feel that 
the book is written for 

a) the above-average 11th 
grade college-bound math 
student 

b) the 'average 11th grade 
college-bound math student 

c) the be low-aye rag.e 11th 
grade college-boimd math 
student 

in my school. 

Compared with other 
matheDiat ics textbooks I 
have taught from, this 
book is 

a) easier to read and 
understand 

b) at about the same level 

c) harder to read and 
luid erst and 

What do you think about 
the number of apDlic.qtions 
in this book? 

a) too much ■ 

b) too little 

c) just sbout right 



3 



1 



1 

3 • 



2 
2 



2 



a) would strongly recommend 

b) would recomdiehd. 

c) am indifferent to 

d ) would not recommend 
this' text to other 11th 
grade math teachers. 



1 
1 
1 



3 
2 
1 
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TABLE 3a-Contlnued 



TEACHER RESPONSES TO QUESTIONS 



No. 


of 


. No. of 


Question ' Experimental 


Control 


Teachers 


Teachers 


When you first began this 






course did jrou feel that 






you would have troubles 






with the mathematics? 






a)def initely 






b}somev?hat 


2 




c )not really 


5 


6 


Did you have troubles with 






the mathematics of this 






course? 






a)definitely 






b)somewhat 






c)not really 


7 




Before this year, were you 






dissatisfied with th^ 11th 






grade course as outlined 






in aost conmerclal texts? 






a) very much 


1 




b)only slightly 


3 


2 


c)no 


2 




Has teaching this course 






changed your attitude 






towards 11th grade math 






and teaching 11th grade* 






math? 




• 


a)yes 


3 




b)no 


if 





CHAPTER k 
SUfU^IARY AND CONCLUSIONS 



The general attitudes of. the students vrere the same in 
September and J"une with no signii'icant. difference in means 
for any of the possible subgroups. The attitudes appeared 
to not be independent of the occupation of the chief money 
earner In the family for all subgroups. 
..On the ten specific questions of the Oplnlonnalre 
in all the cases vrhere there were no significant differences 
Xn September, there were significant differences In June 
which favored the experiijiental students. On the questions 
that had a significant, difference in Septer>iber there 
was still a significant difference In June and the 
experimental students had moved their mean In the positive 
direction. Generally, where there Is a significant 
difference betv7een male and female means within some, group, 
the females always score more positively than the males. 
A conjecture might be that this Is' because the females who 
take* eleventh-grade math are more interested In math. 

Specifically about applications of math, all the 
experimental teachers had felt that there were a sufficient 
. .number of these and their students' means had become more 
positive on these questions about applications. Only one- 
third of the. control teachers felt their. texts had enough 
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"applications while the means of their students stayed the 
same or became more negative , though not significantly. 

Two-thli^s of the experimental teachers' felt that 
the reading level of * the IM text was easier than most other 
texts while only one-third of the control teachers felt 
this way about their texts. Though there v/ere no differences 
in the students' means in September on the question whether 
they could understand the text without the teacher^s 
help, in June the difference was significant with the exper- 
imental students feeling they could understand the book 
better than the control the students did. 

The intentions of the students to pursue math as 
recorded in June are dependent on their responses in* September. 
Although in Sep^t¥mb1sr ^the attitudes and intent to continue 
math are independent, they are slightly dependent in June. 
The control group had an increase in the number of students 
continuing math while there was no. such increase in the 
experimental group* 

The experimental teachers were more positive on their 
text than the control taachers were on theirs with the 
exception of the experimental teachers who had no college 
algebra • . ' ■ . 

The only specific questions that had the whole study 
population change significantly their responses were the two 
on the relation of proof and postulate to algebra. Thus, the 
eleventh-grade math appears to show this' relationship to all 
the students, regardless of text. 
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.... ^ APPENDIX 1 , ^ . • 

OPINION N A IRE - 

Name' Period Do nof write inside box 



School ' Teacher 



DIRECTIONS; Each of the stateraents on this opinionnaire ' expresses a ' 
feeling or belief which a person might have towards 
mathematics. You are to express the extent of agreement 
between the belief or feeling given in each statement and 
your own personal feeling or belief. The five choices are: 
Strongly disagree (SD) , Disagree (D) , Undecided (U) , 
Agree (A), Strongly agree, (SA) . Circle the letter which 
best indicates how closely you agree or disagree with the 
feeling or belief expressed in each statement as it con- 
cerns you. 

..''•/- 

1« I do not like mathematics. I am always under SD • D U * A • SA 
a. terrible strain in a math class. 

2. I do not like ma theiT\a tics ^ and it scares me SD D U A - SA 
to have to take it. 

3. Mathematics is very interesting to me. I SD D U A SA 
enjoy math, courses. 

4. Mathematics is fascinating and fun. SD ' D U A SA 

5. Mathematics makes me feel secure, and at SD * D U A SA 
the same time it is stimulating. ■ 

6. I do not like mathematics. My mind goes SD D U A SA 
blank and I, am unable to think clearly when 

working math- . . 

7. I feel a sense of insecurity when attempting SD . .*D U A SA 
mathematics. 

8- Mathematics makes me feel uncomfortable/ . SD D U A SA 

restless, irritable^ and impatient. 



9. The feeling that I have toward mathematics ' SD 

' . is a good feeling. ' . 

10. MathematJLcs makes me feel as though I'm lost SD 
in a jungle of numbers and can't find my way 
out. 



U A SA 



U A. SA 
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11. Mathematics is something which I enjoy SD D . U A SA 
a great deal, . - 

12. IVhen I hear the word math, I have a ' SD D U A SA 
feeling of dislike 

13. .1 approach math with a feeling of hesi- SD D U A SA 
• tation — hesitation resulting from a fear 

of not being able to do math. 

14. I really like mathematics. SD D U • A* SA 

15. Mathematics is a course in school which SD D U A SA 
I have always liked and enjoyed studying. 

16. I don't like mathematics. It raakes me SD D U A SA 
nervous to even think about having to do ' 

^ a math problem. 

17. I have never liked raath ajid it is my most SD D U A SA 
dreaded subject. 

18. I love mathematics. I am happier in a SD D U A SA 
math class than in any other class. 

19. I feel at ease in mathematics, and I like SD D U A SA 
it very much, 

20. I feel a definite positive reaction to • SD D U A SA 
mathematics; it's enjoyable. 

21. Mathematics has a large number of applica- SD D IT A' SA 
tions to a wide variety of situations. ^ : .. 

22. Mathematics is a collection of rules which SD D U A SA 
seem to come from nov/here. ' ■ 

23. Most of the mathematics used by mathemati- SD D U A SA 
cians today was known to the ancient Greeks. 

24. Almost all of the uses of mathematics are - SD D U A SA 
in chemistry or physics. .. ' 

25. There are postulates (assumptions or SD D U A SA 
axioms) in algebra which have the same* 

role as postulates in geometry. 
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26. Mathematical rules are often closely SD D U A SA 
related to each other. 

27. Other than arithmetic, mathematics does SD D U A SA 
not have too many uses outside of ma the-- 

matics itself* 

28. I usually can understand mathematics from SD D . U A SA 
a book without a teacher's explanation. 

29. New mathematical theorems are discovered SD D U A SA 
every year, 

30. Proof belongs to geometry^ not algebra, SD D U A SA 

31. ' \"Jhat exactly does the chief money-earner (father, mother, step- 

father, guardian, etc.) in your family do for a living? Please 

try to give the job title (or job description) as best as you ^ . 

know it. 



;32. At the . pred'ent time, do you think you will take mathematics during 
the next school year (73-74) either in high school or college? 

Yes No Undecided ' 
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APPENDIX 2--SCj\IS FOR RATING OCCUPATION 



Hating 
Assigned to 
Occupation 



Professionals 



Proprietors 
and Managers 



Business 
.Men 



lawyers, doctors, Business valued 
dentists, engineers, at $75,000 and 
judges, high-school ■ over 
superintendetnts , 
veteriharians , 
ministers, (gradu- 
ated from divinity 
school ) , chemists , 
etc^ wth post-grad- 
ate training, 
architects , 



Regional and 
divisional man- 
agers of larse 
financial and 
industrial 
enterprises 



High-school teach- Business valued- Asst. I4anagers 
ers, trained nurses, at $20,000 to and office and 

chiropodists, chiro- $75,000 department man- 

practors, undertaker,. agers of large 

ministers (some businesses, 

training) , newspaper assist, to 

editors, librarians executives, etc. 
(graduate) 

Social workers., Business valued All minor 

grade-school at $5,000 to officials of 

teachers , optome- $20, 000 businesses 
trists, librarians 
(not graduate) 
undertakers asst. 







Business valued 
at $2,000 to ■ 
.^5,000 


5 




• Business valued" 






at ^500 to 






$2,000 


6 




■ - . ..-_Busi,ne_ss valued 
at less than 
S500 



7 
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APPENDIX 2— SCALE FOR RATIIJG OGGUPATIGN-Continued 



Bating for Clerks and . jyianual 
OccuDa 1 1 on nd red Worke rs Worke rs 


Protective and 
Service V/orkers 


Farmers 


1 * Certified Public 
Accountants 




Gentleman 
Farme rs 


Aocoimtants , 
2 salesmen of real 
estate, of 
insurance, post- 
masters 




Large farm 
owne rs , 
farm owners 



Contractors 



bank clerks and 
cashiers , postal 
clerks , secretaries 
'to executives, 
supervisors of 
r -'llroad, telephone , 
etc, , justices 
of the TDeace 





stenographers, 


Pactori'' foremen. 


Dry cleaner 




bookkeepers. 


electricians 


butcher. 


if 


rural mail clerks, 


p lumbe rs , ovm 


sheriff S3 




rail-road ticket 


carpenters \busi 


railroad en- 




agents, sal^s 


wa t chmake r s^ ne s s 


gineers and 




people in dry 




conductors 




=•^0 o^ds 1 0 r e , e t c • 







Dime store clerks 
hardware salesmen 
beauty operators, 
te le phone ope rat o 



, Ca rpent e rs plumb- 
, ers , electricians , 

(apprentice ) 
rs timekeepers , 
lineman, tele- 
phone or telegraph 
radio repairmen^ 
medium-skill 
wo rice rs 



3arbero , 
firemen, 
butchers 
toprentice , 
practical 
, nurse, police- 
men, seam- 
stress , cooks , 
bartenders 



Tenant 



farmer 



Itou^ders , 
semiskilled 
workers, 
assistants to; 
ca^^rptenters , etc. 



Baggage men^ Small 

night police- tenant 

men and farmers 

watchmen, taxi 

and ti ick 

drivers, gas 

station 

attendants , 

viaitresses 



Heavy laboy, 
migrant vrork, 
odd- job men, 
miners • 



Janitors , 

scrubwomen, 

newsboys 



Migrant 
laborers 
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APPENDIX 3— PARTICIPATING SCHOOLS AND TEACHEaS 



Schools 



Teachers 



Adorns High School 

Rochester,^ Michigan 

Adrian High School 
Adrian, Michigan 

Fennville High School 
Fennville, Michigan 

Gonzales United High School 
Gonzales , " California 

New Trier West High School 
Northfield, Illinois 

Niles West High School 
Skokie, Illinois 

Notre Dame High School 

■'^ffarp'er Woods Michigan 

WauVj-atosa East High School 
W a u vra tosa, V/isconsin 

Wauwatosa V/est High School 
Wauv^atosa, Wisconrin 



John Guerrieri 
Joyce Krull 

Sam Evring 



S. D. Hoffman 



Pamela Bai ley- 



Joanne Oravec 
Herbert Wolf 

Donald Field 
Robert Murphy 

James A. Berch 
Maxk Recor 

Thomas H. Duffy 



Tom Fitzpatrick 
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STUDY OF 11th GRADE MATHEMATICS 
SECOND REPORT 

There are three parts to this report. The first .part 
involves only students who used Intermediate Mathematics 
and deals with their ability to understand concepts unique 
to this approach, as based upon performance on a special 
exam given to these students. The second and third parts 
compare experimental and control students on the ETS Alge- 
bra II exams. In the second part, we ask the question: 
Which populations performed relatively more strongly on 
v/hich items, accounting for differences in the populations 
in June? In the third part, we ask: Which populations per 
formed better on the entire tests, accounting for differenc 
in the populations in September? 
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Concepts Unique to Intermediate Mathematics 

Following this report, a copy of the Intermediate Mathe- 
matics Final Exam is given. This exam was designed to test 
concepts found in IM which are not in most standard. 11th grade 
texts. The items were chosen to reflect the general and 
specific areas as described in Table 1 on the next page, where 
an item analysis is given. 

Two features are immediately evident from the table. 
First, the exam was hard, a mean score being only half cor- 
rect. Second, the "A" group performed much better than the 
"C" group (here "C" does not mean "control") - this is due 
moire to the nature of ' the classes than treatment, in my o- 
pinion. Last September, a couple of "A*' classes were, shifted 
from average to above-average students too late for me to 
make any compensation. The "A" group had studied GATA, the 
"C" grovp had not. 

An average A student answered 53.7% of the questions, 
an average C student 41.0%. One way to equate the groups 
is thus to add about 13% to the scores of C students. Hav- 
ing added .this percentage (modified C in. the table) , we sub- 
tract modified C from A and multiply by 100 to get an ad- 
justed difference in percentages. . 

These adjusted differences indicate"" that study of the 
geometry seems to make no relative difference in learning 
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Table 1: IM Final Exam Item Analysis 

Percentages Correct 



No. 


Content 


Total 


A 


c 


Adi . C 


A- Ad" 




Transformation ideas in GATA: 














1 


Congruence 


79 




87 


65 


78 


9 


6 


Preservation properties 


91 




93 


86 


99 


-6 


11 


Size transformations 


89 




93 


82 


95 


-2 


19 


Parallelism 


55 




57 


51 


64 


-7 


25 


Composition 


60 




65 


49 


62 


3 




Groups 














2 


Definition 


62 




65 


57 


70 


-5 


7 


Identification 


38 




45 


25 


38 


7 


12 


Negative identification 


32 




32 


32 


45 


-13 


20 


Isomorphic groups 


44 




52 


29 


42 


10 


26 


Isoniorphism comp. nos. 


28 




32 


22 


35 


-3 




Matrices 














3 


Finding images 


67 




74 


54 


67 


7 


8 


Non-matrix for trans f. 


35 




40 


25 


38 


2 


13 


Matrix for transformation 


65 




72 


52 


65 


7 


21 


Transf • composition 


50 




55 


42 


.55 


0 


27 


Scale transformation 


51 




58 


39 


52 


6 




Transf. in algebra 














4 


Similarity in conies 


27 




36 


11 


24 


12 


9 


Scale transf . of graphs 


25 




26 


25 


38 


-12 


14 


Symmetry in conies 


52 




60 


35 


48 


12 


22 


Translation of graphs 


57 




"59 


54 


67 


-8 


30 


Scale transformation 


26 




31 


15 


28 


3 




Special developments 














5 


Periodicity 


34 




40 


23 


36 


4 


10 


Slope 


50 




48 


52 


65 


-17 


18 


Cosine and sine 


34 




38 


28 


41 


-3 


23 


Relations and functions 






32 


28 


41 


-9 


28 


Complex numbers 


26 




32 


14 


27 


5 




Miscellaneous 














15 


Corresponding properties 


30 




28 


34 


47 


-19 


16 


Estimation and abs. value 


60 




64 


52 


65 


-1 


17 


TntPTvals and SDDT05ciTna"h"i on 


60 




66 


49 


62 


4 


24 


Logarithms 


58 




66 


43 


55 


11 


29 


Complex number mult. 


63 




67 


55 


68 


-1 




Number of students 


186 




121 


65 








Mean 


14. 


8 


16. 


1 12 


.3 






Standard deviation 


4. 


85 


4. 


72 4 


.00 






Reliability 


• 


76 




75 


.64 






Mean' % correct 


• 


49 


• 


54 


.41 
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of the geometric ideas found in IM but does make a difference 
in the learning of matrices. This may be because transforma- 
tions are learned before matrices. . Since the learning of 
matrices comes quickly after transformations, it is best 
. to have assimilated the transformations. 

Special developments using transformations were relative- 
ly better learned by those not having the geometry, due to 
performance on Question 10. 

Although there are differences in individual" problems, 
the learning of groups, transformations in an algebraic- set- 
ting/ and various miscellaneous special developments are not 
affected by having studied GATA. 

Questions 4, 14, 20, and 24 relatively fa-vor those who 
studied GATA. The first two are very geometric in character. 
The latter two deal with isomorphic groups and it is possible 
that this is due to classes in population C not having enough 
time to study isomorphism in as much detail as population A. 

Questions 9,10, 12, and 15 most relatively favor those 
who did not study GATA. Except for 12, the questions are 
the most identified with manipulative skills. They suggest 
possibly that schools which did not use the geometry spent 
more time on manipulative skills in the algebra, consistent 
with the standard courses in both cases, 

BUt~ one must caution anyr overall interpretation of" these" 
"scores, "The use of relative performance forces nearly equal 
nuiribers of questions to favor one group or the other. It 
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can determine no overall trends. 

It is most difficult to judge overall performance on 
individual questions; 30% correct on a difficult question 
may be better than 70% on an easy question. These questions 
have never been standardized so there is no relative stan- 
dard of performance. With these factors in mind, let us look 
at each of the six categories. 

Transformation ideas also in GATA ; Question 25, on composi- 
tion, is tricky. Only the results of Question 19 are disap- 
pointing. Combined with Question 14 in a different category^ 
they seem to indicate that visualization of transformations 
is not very good at this level. The other questions about 
transformations show a level of competence equal to any in- 
any of the traditional questions on the ETS tests. (Average 
competence on traditional skills on the ETS tests for these 
students was 65%.) 

Groups: Two experimental classes skipped (did not' study) 
the material on groups. This' affects the scores. Question 
7 may have had higher scores if choices A and C had been 
switched; more students thought choice A than choice C. 
This is pretty tricky and in conjunction with 2 we might say 
that students knew pretty well what the definition of group 
is. Questions 12 and". 20 indicate . that, the .idea.of correspond- . 
ing. groups of powers and multiples leading to logarithms was 



either hot discussed or not understood. Question 26 is poor- 
ly worded- so that choice F is not totally incorrect. 62% 
answered either F or G. 

Matrices: 3 and 8 are disappointing; 8 does not seem 
to be difficult, and one would wanta higher percentage on 
the easy Question 3. 

Transformations in algebra ; The most disappointing 
question of the entire test is 4, dealing with the similarity 
of all parabolas. I am at a loss to explain this result as 
there is a section devoted to the idea in IM. Question 9 
is tricky; the easier question 22 shows that the idea was 
reasonably well understood. Questions 14 and 30 show that 
IM. classes did not do well on those questians related to 
transformations and conic sections. Perhaps some material 
was skipped: later we note that the ETS exam only covers 
parabolas and circles and IM classes performed strongly. 

Special developments : Question 5 was not studied by 
many classes, as it comes late in the book. Question 18 is 
difficult, being like a C exercise in the text. Question 
23 is quite easy and shows that. the writing is misleading; 
students believe transformations are more general than rela- 
tions. Question 38 is also not difficult, but one would not 
know this from the performance. 

Miscellaneous : Results are pleasing with the exception 
of the difficult Question 15; 16, 17, 24, and 29 are not 



easy questions. 

In summary, these items seem to indicate that more work 
is needed with corresponding properties and revision is needed 
with functions and perhaps with some conies. They also seem 
to indicate that GATA is not necessary for IM except as it 
might give more time to discuss later topics in IM and would 
help skills with matrices. 



ETS Pinal Exam Item Analysis 

The reason for having half the. students in each class 
take form A in June (form B in September) and the other half 
take the forms in reverse was to have twice as many questions 
to analyze, 80 instead of 40. 

Here are the total score results on the two exams. 
June scores were analyzed for all students who had taken the 
correct September exam. 

^ BA Exp. BA Cont. AB Exp. AB Cont 

Population (number) 88 94 94 95 

Mean score 26.9 23.3 25.2 22.8 

Standard deviation 7.74 5.75 7.18 6.80 

Reliability of test 0.91 0.78 0.88 0.86 

Average % correct Exp (65.0) Oont(57. 5) 

» ■ 

Table 2 (next page) gives percentages correct for each 
of the 80 items on these exams. Scores of the lower control 
population are adjusted up 1% so that one can compare rela- 
tive performance . This adjustment does not say anything about 
which group is better - this is done in the next section by 
adjusting for scores in September. This adjustment only 
enables one to see which items were strong or weak for the 
particular populations . 

The table speaks for itself and there is no need to look 
at each question. Positive differences indicate control rela- 
tive strength; negative differences indicate experimental 
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Table 2: ETS EXAM ITEM ANALYSIS 



Item No. 

Al 

Bl 

A6 

B7 

A26 

B36 



Content Area 



Percentage Correct 



Radicals 

Cube root 
II II 

Addition of square roots 



Equations 
II 



Cont. Cont-Ad-i . Exp. 



95 
88 
76 
62 
50 
59 



102 
95 
83 
69 
57 
66 



96 
82 
75 
63 

67 
62 



Cont Adj 
-Exp. 

6 
13 
8 
6 

-10 
4 



A2 

B2 

A8 

BIO 

All 

B13 

A34 

B37 

A21 

B5 



Exponents 

Fundamental property 

H II 

Zero exponent 
II II 

Negative exponent 
It II 

Fractional exponent 
If II 

Equation . 



92 
93 
87 
86 
71 
60 
23 
45 
83 
98 



99 
100 
94 
93 
78 
67 
30 
52 

i-ys 



92 
87 
89 
88 
85 
78 
18 
43 
85 
97 



7 

13 
5 
5 

-7 
-11 

12 

11 
5 
8 



A4 

B6 

A27 

B21 

A31 

B27 

A36 

B20 

A20 

B25 



A5 

B4 

A9 

B9 

A22 

B26 



Quadratic Sentences 

Solving 
II 

Find equation given roots 
II II II II 

Condition for equal roots 

It It M It 

Nature of roots 
It II II 

System with inequality 
Inequality 

Polynomial Operations 

Linear 
II 

Applying distributivity 
II -II 

Multiplication 



71 
77 
48 
60 
55 
60 
63 
60 
69 
50 



76 
86 
61 
.73 
47 
44 



78 
84 
56 
67 
62 
67 
70 
67 
76 
57 



83 
93 
68 
80 
54 
51 



76 
81 
53 
58 
57 
57 
59 
66 
84 
51 



84 
86 
77 
73 
70 
57 



2 
3 
3 
9 

5 
10 
11 

1 
-8 

6 



-1 
7 

-9 
7 

•16 

-6 



A7 
Ell 



Systems 
Simple 2 by 2 



It It tl 



72 
69 



79 
76 



77 
73 



2 
3 
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Item No. 

A13 

B8 

A25 

B31 



A30 
B18 
AlO 
B12 



A12 
B16 
A17 
B34 
A28 
Bl9 



A14 
B23 
A24 
B14 



Content Area 



Systems (cont.) 

2 by 2 involving variable 



Percentage Correct 

Cont Adj 
Cont. Cont-Adj . Exp. -Exp. 



Linear-quadratic 



Word Problems 

Niamerical 
II 

Coin 



Lines 
Slope 

Equation from graph 
II II II 

No. of solutions from graph 



Progressions (Sequences) 
Recognition of geometric 
Recognition of arithmetic 
nth term 



55 
32 
46 
28 



68 
78 
68 
75 



65 
70 
42 
33 
81 
74 



39 
46 

38 
62 



62 
39 
53 
36 



75 
85 
75 
82 



72 
77 
49 
40 
88 
81 



46 
53 
45 
69 



72 
57 
54 
38 



79 
90 
81. 
87 



66 
70 
49 
40 
78 
78 



56 
48 
76 
72 



-10 
•18 
-1 
-2 



-4 
-•5 
-6 
-5 



6 

7 
0 
0 
10 
3 



-10 
5 

-31 
-3 



A15 
B15 
A18 
B24 
A40 
B33 



Factoring 

Fraction simplification 
II II 

Difference of two squares 
ft II II 11 

Coefficient from factor 



18 
40 
50 
21 
49 
50 



25 
47 
57 
28 
56 
57 



36 
40 
76 

21 
56 
56 



•11 

7 

•19 
.7 
0 
1 



A16 
B38 
A3 9 
B32 



A19 
B29 
A23 
B28 



Logs 

Traditional definition 

If n 

Multiplication property 
Division property 

Conic Sections 

Circles 
If 

Parabola equation from graph 



61 
28 
32 
24 



49 
52 
52 
12 



68 
35 
39 
31 



56 
59 
59 
19 



51 
40 
52 
34 



54 
90 
51 
33. 



17 
-5 
•13 
-3 



2 

•31 
8 
•14 
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Item No. 

A29 
B30 
A3 2 
B22 
A3 8 
B40 



Content Area 



Complex Numbers 

Multiplication 
II 

Powers of i 
II II II 

Condition for imaginary nos, 



Percentage Correct 
Cont. Cont-Adj . Exp. 



39 
37 
31 
25 
16 
50 



46 
44 
38 
32 
23 
57 



73 
64 
40 
23 
38 
55 



Cont Adj 
-Exp. 

-27 
-20 
. -2 
9 

-15 
2 



A3 5 
B17 



f ( ) notation 



70 
86 



77 
93 



73 
73 



4 

20 



A37 
B39 



Absolute value - 2 dim. 

" - 1 dim. 



58 

65 



65 
72 



52 
61 



13 
11 



A33 Linear inequalities - 2 dim. 

B35 " " - 1 dim, 



66 
42 



73 
49 



75 
50 



-2 
-1 



A3 
B3 



Fractional equation 



86 
80 



93 
87 



91 
86 



2 
1 
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strength. The reader should be careful not to consider any- 
one question too seriously • With so many items, some variance 
must be expected. For example. Item 9 on Form A (polynomial 
operations) favors control, while the almost identical item 
9 on Form B favors experimental. 

Here we list average adjusted differences by content 

area : 



Table 3: ETS EXAM DIFFERENCES BY CONTENT AREA 
Area No> of questions Ave, Diff. (Adj Cont - Exp) 



Radicals 


6 


4 


Exponents 


10 


5 


Quad, sentences 


10 


4 


Poly, ops . 




-3 


Systems 


6 


-4 


Word problems 


4 


-5 


Lines 


6 


4 


Progressions 


4 


-10 


Factoring ' 


6 


-3 


Logs 


4 


-1 


Conic sections 


4 


-9 


Complex nos . 


6 


-9 


f ( ) notation 


2 


12 


Abs. value 


2 


12 


Lin. ineq. 


2 


-2 


Fract. eqns- 


2 


2 



One can only make significant conclusions about differences 
when they do not follow content patterns in different texts. 
Conic sections, function notation, and abi:JOlute value seem 
most surprising. I would not have surmised any differences 
in these. The other differences seem explainable either by 
random fluctuations or by the fact that some of the content 
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comes late in either IM or the control texts and so is like- 
ly to be skipped. 

The reader may wonder what implications there are for 
IM/ given these general and specific data. Revisions will 
rewrite some of the material on functions. It was already 
planned to simplify some of the sbsolute value material but 
relegate other ideas to a later chapter. The extra work with 
corresponding properties mentioned in the first part of this 
report may include earlier work with fractional exponents. 
The other large differences in exponents (except for negative 
exponents) are misleading; the percentages of correct answers 
for IM students are very high and could not be improved much. 

In general, the ETS exams stress skills. Whether IM 
generally helps or hampers skills cannot be judged from the 
type of analysis given above. A more global analysis, taking 
into account knowledge known at the beginning of the year, 
is needed. 
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ETS September- June Comparison 

In pre-test post- test studies such as this one, a common 
way of analyzing data is to use analysis of covariance. One of 
the assumptions made in such analyses is that the scores on 
tests are normally distributed (i.e., distributed like the famil- 
iar bell-shape curve) . Table 4 shows the frequency distribu- 
tions for the two ETS June tests for Experimental and Control 



populations. 





Table 4- PREOUENCIES 


OP SCORES ON 


ETS JUNE TESTS 






"POITITI A 

J. ^JL* ill 




POTTn R 
j> ^ ^ ill ij 




Cont • 






Pont - 




2 


1 


7 


2 








8 










9 


1 








10 


2 


3 


1 


2 


11 


2 


1 


1 




12 


1 


1 


2 


2 


13 


3 


3 


3 




14 


2 




2 


1 


15 


3 


1 




3 


16 


2 


4 


4 


2 


17 


1 


4 


1 


3 


18 


6 


2 


4 


5 


19 


6 


6 


5 


2 


20 


6 


2 


5 


6 


21 


2 


1 


6 


2 


22 


4 


7 


2 


3 


23 


3 


4 


•' 8 


4 


24 


2 


2 • 


7 


3 


25 


8 


6 


8 


2 


26 


7 


4 


8 


3 


27 


8 


1 


7 


4 


28 


4 


4 ' 


6 


3 


29 


5 


4 


1 


4 


30 


4 


5 


3 


4 


31 


4 


7 


2 


5 


32 


1 


6 


1 


1 


33 


2 ^ 


5 


2 


4 


34 


1 


5 




3 


35 


2 


2 




7 


36 




2 




4 


37 


1 


2 




3 


38 








2 


39 
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The table shows a curious result: with the^exception of 
the Form A Control distribution, the frequencies are distributed 
bimodally - they peak twice. Form A Experimental peaks around 
21 and then around 35; Form B Control peaks around 19 and 
26; Form B Experimental peaks around 22 and 31. Thus one 
cannot assume normal distributions for this 'population* But 
one can assume that if the test had been given to a larger 
number of students, the distribution would have been normal. 

All this makes any conclusions from covariance to be. 
fraught with possible error, but it does not make covariance 
"analyses impossible. Here they are with some key statistics 
given. The idea is to calculate an adjusted June mean for 
each group on each test which depends upon the scores of the 
students on the test they took in September. 

• Table 5: MEANS AND ADJUSTED MEANS FOR ETS JUNE TESTS, 
BASED UPON ETS SEPTEMBER TESTS 

Sept. mean June mean June adjusted mean 
Sept. A, June B: Exp: 16.37 25.17 24.05 

Cont: 13.57 22.75 23.85 

Sept. B, June A: Exp; 16.21 26.87 25.26 

— y Cont:. . _ 12.36 _ -23.26 24.77 

The difference in adjusted means is not significant 
(either educationally or statistically) , suggesting that the 
reason experimental students outscored control students in June 
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was entirely due to the fact that they knew more in September. 
This would seem to indicate little difference on standard 
content performance between IM and control students. 

Some may wonder why students in a nonstandard book would 
score as well on standard content. There seem to be the fol- 
lowing contributing factors: (1) The 11th grade course dif- 
fers quite a bit in different schools, so there really is not 
a standard course even when students study from the same text. 
If this is so, IM may not really be so nonstandard. (2) Teachers 
in a new book may feel guilty about not teaching traditional 
material and so may actually emphasize traditional stuff more 
than they normally would. (There is evidence that at least 
orfe. e^xperimental teacher omitted all nonstandard content af- 
ter around December of the school year.) 

The following are probably not factors. Teachers in 
experimental materials try harder. There is no evidence to 
support this. Indeed, all teachers in a study usually try 
a little harder. Hawthorne effects? The newness of materials 
often makes things more difficult for a teacher, counterbal- 
ancing any Hawthorne effect. Hawthorne effects on students 
do not last for an. entire year, as anyone knows who has tried 
something new but lousy. 

Experimental students were brighter and perhaps covari- 
ance is not telling the whole picture. The difference in 
June and September means (amount of learning?) is higher 
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for control than for experimental students on each test. 

In final summary, this analysis agrees with many other 
analyses done with the tenth grade GATA - i.e., standard con- 
tent performance does not seem to be much affected by the use 
of simple nonstandard approaches to it. 
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STUDY OF 11th GRADE MATHEMATICS 
Third Report 

This third and last report has three parts. First is 
a suiranary of teacher opinions, second is a summary of planned 
changes in the text in light of all the data collected, and 
third is a tentative revised section sequence. 

Summary of Teacher ' Opinions 

In the first report of this study, Jeanne Hayman sum- 
marized the opinions of teachers in the formal study. Here 
we summarize the opinions of all teachers who took the timei 
to fill out and return the long opinionnaire. Nine teachers 
did so, so we have two more opinions here than in the first 
report. This report also attempts to be a little more explicit 
and is able to give connections with possible changes in the. 
materials. 
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Opinions were asked about the ease, niceness, difficulty, 
and unclarity of some sections or chapters, and whether some 
were skipped that teachers would haVe liked to cover. Here 
these opinions are summarized by section. Where opinions seem 
to cover an entire chapter, these are also noted. Parentheses - 
indicate numbers when more than one person felt a particular 
way. When there are no parentheses, the opinion is that of 
one teacher. 

CHAPTER 1: (Addition and Multiplication of Reals) Easy 

2: (Further Properties of Real Nos.) Easy 
2*5 easy 

2.7 unclear (3) , hard (2) , delete 

2.9 hard 

2.10 unclear 

3: (Transformations) Nice, hard, easy (6) 

3.8 hard 

3.9 nice 

4: (Matrices) Nice (3) , easy "(8) 

4.5 nice 
4.7 unclear 

5: (Lines and Circles) 
5.4 unclear, nice 

5.6 unclear . , 

6: (Systems and Applications) Delete; hard, systems easy 
6.1 hard 

6.4 hard (2), skipped 

6.5 hard (3) , skipped 

6.6 hard (4) ,. skipped 

6.7 . hard (4) , skipped 

6.8 hard (2) 

7: (Rotations, Sines, and Cosines) Nice (2), hard, easy 

7.3 hard 

7.4 nice (3) 
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7.5 nice (3) , hard 

7.6 nice (4), hard, easy 

7.7 nice (2) 

7.8 nice (2), unclear, delete 

8: (Groups) Delete, nice (2), hard (2) 

8.2 delete 

8.3 delete 

8.4 nice 

8.5 delete 

8 . 6 nice 

8.7 hard 

8 #8 delete (2) , nice, unclear 

8.9 delete (2) , hard, unclear 

8.10 delete (2) / nice, hard, unclear (2) 

9: (Complex Uuiribers) Unclear, nice (2) , easy (5) 

9.6 nice 

9.7 nice 

10: (Quadratic Sentences) Nice 
10.2 hard (2) 
10.4 nice 

10.6 unclear, hard 

10.7 unclear (2) 



11: (Quadratic Relations) Nice (2) , hard, skipped parts (2) 

11.4 unclear (2) 

11.5 delete, nice 

11.6 delete (2) 

11.7 delete (2) , nice 

11.8 delete 

12: (Functions) Easy (2) , hard 

12.3 unclear 

12 ;4 nice 

12.5 unclear 

12.6 hard 

12.8 nice, delete 

12.9 delete 
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13: (Exponents and Logs) Nice, easy 

13.6 hard, nice 

13.7 nice (2) , hard . 

13.8 unclear, hard (2) , nice 

13.9 hard (2) , nice 

13.10 nice (2), hard 

14: (Trigonometry and Circular Functions) Nice, hard (2) , 
O easy, skipped 
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14.3 nice 

15: (Advanced Manipulative Techniques) Nice, skipped (2) , 
hard 
15.2 hard 

15.4 unclear 

15.5 hard 

15.6 hard (2) 

16: (Sums, Sequences, and Statistics) Hard, skipped 
16.5 nice 

16.7 nice 

16*8 nice, skipped 

16.9 hard 

16.10 hard 

16.11 hard 

1*7: (Summary) Nice 



It is obvious that teachers were not of one mind when 
it came to these judgments. It is nice that most sections 
are retire ^^^^ in sc5me way. This makes it easy to consider 

revisions. All those where more than one person found it 
hard will certainly be rewritten. 

Only 5 people returned the textbook use form. This 
is too bad, for as one can see in the following table, there 
was incredible variance as to the use of the text. (GATA 
means that the students had studied that geometry.) 
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"NTH m? DAVQ 
















o 

GATA 


A 

GATA 


c 
D 

GATA 


1 


10 


13 


9 


10 


4 


2 


14 


17 


10 


10 


6 


3 


15 


30 


10 


7 


4 


4 


17 


13 


15 


7 


5 


5 


12 


16 


10 


10 


9 


6 


12 


19 


20 


12 


8 


7 


10 




19 


10 


10 


8 


11 




10 


12 


11 


9 


9 


18 


11 


15 


10 


10 


9 


* 


15 


15 


11 


11 


12 


* 


8 


15 


13 


12 


11 




■ 5 


15 


10 


13 


14 




8 


15 


14 


14 


20 




5 


5 


10# 


15 


14 




. 5 




8 


16 






5 


5 


11 


17 








5 


5 



*supplemented with material like that found in these chapters. 
#supplemented with more trigonometry. 

It is recognized that in later chapters, the small numbers • 
of days usually represent skimming or choosing selected topics. 
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What does this data show? Only that there are teachers 
or classes which can cover the book and they do this by going 
through the first part quickly. There are other classes or 
teachers who have great difficulty covering even half the 
book. Four out of the five could get through Chapter 13, and 
this is what I would call the general minimum for a course 
of this type. . 

Before teaching- this book, five teachers were only slightly 
. dissatisfied with contemporary texts, 2 were satisfied, and 
1 was greatly dissatisfied. The course changed the attitudes 
of 3 of 7 who taught the course. People supplemented with 
\ ^-«ord--.problems, trig, logs, and conies. 

All teachers used the notes to the teacher, chapter tests, 
and answers to exercises, in varying amounts. Five teachers 
wanted students to have answers to odd exercises, two wanted 
them to have all answers, and 1 for easy exercises. The sum- 
mary chapter 17 was liked and thought helpful and effective 
by those who used it. One person thought it was difficult 
to understand. 

Specific questions were asked about a variety of topics 
and developments. With respect to groups, only 3 of 8 delayed 
'the definition until Chapter 8; the others had given it 
earlier. Two of the 3 liked the delay, the other did not. 
(I see no reason to change even with this data.) The delaying 
Q of functions did not bother any of the teachers, all of whom 
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delayed. (It is curious that this was delayed whereas groups 
were not.) 

The usefulness of the groups chapter as a unifier was 
concurred by 5 teachers, but 1 teacher felt that the material 
forgotten made the chapter hard, and 2 teachers wondered if 
the unification was appreciated as much by the students as by 
the teachers. (A subtle and probably accurate point, but 
I'd rather have more than meets the eye than less.) 

Delaying factoring until after the quadratic formula 
bothered only one teacher. Three teachers thought they'd 
have trouble with the material, but none said they did. Only 
one teacher mentioned a particular topic (statistics) that 
was hard to understand. 

Everyone felt that the number of applications was "just 
about right," neither too little nor too much. Four of 8 
teachers wanted the application sections 10.6 and 13.2 inte- 
grated into the text. I disagree with this on the grounds 
that . "the applications are integrated throughout the rest 
of the book and it is a needed change. There is also the 
pedagogical double-bonus in that some teachers will not skip 
the section because theydon't skip anything, while at the same 
time it' points out that teaching some applications is as im- 
portant as teaching mathematics. 

All but one teacher felt there were not too many problems 
in Sections 6.5 - 6.8. All but two teachers felt that there 
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were enough problems in Chapters 1, 2, and 5. In certain cases 

problems will be added or deleted in these chapters, but there 

will be no drastic changes in numbers of problems. 

Specific feelings about difficulty and opinions about 

niceness of development compared with others known to the 

teacher were sought for the following topics: 

slopes. of perpendicular lines - easy (4) , average (2) , hard (1) 

nicest (1) , about as nice (6) 

operations with complex numbers - easy (3) , average (4) 

nicest (6) , about as nice (1) , 

- - *■ " not as nice (1) 

definition of sine and cosine - easy (3) , average (4) 
■ nicest (4) , about as nice (3) 

formulas for cos(xH-y) and sin (jt+y) - easy (2), average (4), 

hard (1) 
nicest (6) , about as nice (1) 

logarithms - easy (2) , average (1) , hard (2) 
nicest (3) , about as nice (3) 

laws of exponents and corresponding properties - average (6) , 

hard (1) 
nicest (2) , about as nice (3) , 
not as nice (2) 

graphing of conies - easy (1) , average (2) , hard (2) 

nicest (3), about as nice (1) , not as nice (1) 

functions - easy (3) , average (4) 

nicest (3) about as nice (4) 

- - The above are rather positive responses. As indicated 
elsewhere, the material on corresponding properties will be 
modified to make it more clear (and hopefully bring out the 
m*cenes& ' of the ideal) ~' --r- - -—-. • 

' Teachers were asked whether they agree or disagree with 
certain possible changes in the text. Responses to all were 
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mixed, and almost all in equal amounts! Here is what is -now 
planned (number of teachers agreeing or disagreeing with the 
change) . 

Sections 6.5 to 6.7 will be moved back (4 agree, 3 disagree) . 

Development of complex numbers will be kept as it is (5 

agree, 3 disagree) . 

Difficult material from 6.1 will be deleted (3 agree, 3 

disagree) . 

Section 2.9 will be about where it is (5 agree, 3 disagree). 

- -. _ Work with corresponding properties will be increased (6 

agree, 2 disagree) . 

The most general questions on the form concerned overall 
difficulty, readability, and recommendation. Teachers were 
split as to whether the book was written for the above-average 
or average 11th grade college-bound math student (4 for above- 
average, 5 for average) . Yet 5 of 8 thought the book was 
easier to read and understand than other math books they had 
taught from (2 thought about the same, 1 thought more diffi- 
cult) . This either means that standard books are very difficult 
to read or that the -content makes teachers feel the book is 
for above-average students. Finally, 5 teachers felt they 
would strongly recommend the text to other 11th grade math 
teachers (the question was not worded well enough to tell if 
this meant they would recommend it for students, but it seems 
from other responses that this generalization can be made) , 2 
would recommend, 1 was indifferent, and 1 would not' recommend. 



Summary of Planned Changes in the Text 
and the Reasons for Them 

There were seven goals in the writing of Intermediate 
Mathematics , that the materials should (1) cover the standard 
content, (2) be at the level of the average 11th grade college- 
bound mathematics student (i.e., be no more difficult than other 
texts at this level) , (3) give a reasonable picture of mathe- 
matics with particular attention to some fundamental concepts 
of algebra and linear algebra, (4) give a picture of the 
multitude and variety and nature of applications of mathe- 
matics, (5) malce use of previous learnings in geometry to 
a greater extent than is now done, (6) make the 11th grade 
course more continuous and unified instead of flitting from 
topic to topic, and (7) be implementable without teacher re- 
training. 

Quite ambitious! 'We now examine each goal and see to 
what extent (if any) it has been reached. 

1. Coverage of standard content . On the ETS tests, 
comparative weaknesses of IM students were found on fractional 
exponents, f( ) notation, and graphing of absolute value sen- 
tences in one and .two dimensions « The material on fractional 
exponents- will be presented earlier in the text, so that more 
students will have an opportunity to study.it. (See (3) below.) 
More questions on f ( ) notation will be given. An attempt 
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will be made to simplify the copy on absolute value now in 
sections 2.9, 6.1, and 12.7, but no additional work is planned. 

The ETS tests in general seem to indicate that standard 
content was learned as well by IM students as by the controls. 
The above weaknesses are minor and so it seems that this goal 
has been reasonably reached. 

2. Difficulty level . Teachers judged the book as for 
average or as for above average students in about equal num- 
bers, yet most felt the book was eai^ier than other texts at 
this level. It is difficult from these reactions to deter- 
mine whether the book has met this goal. Right now I would 
say that it seems, that the book is about even with others in 
difficulty and perhaps easier in readability - this paradox 
is probably caused by a feeling that the content is more Strang 
to these students (and teachors?) or (wrongly, in my opinion) 
that the work with groups and matrices and transformations 
"may be more appropriate for better students. What mathematics 
is about we should not keep from average students. There 
will be no compromise with the attempt to make this book for- 
average students, for it is those students who need an im- 
"proved mathematics course more than any others. 

3* Picture of mathematics . There are several important 
"concepts in mathematics which are missing from this book: 
VectbrV limit, continuity, neighborhood, etc. It is impos- 
sible to do all of this in a single year. But in line with 
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the other goals of the book, I have tried to make_the book 
give as accurate a picture of mathematics as it can, including 
major ideas from algebra (group, isomorphism) and linear 
algebra (transformation, matrix) not normally applied at this 
level- The attitude questions show that IM students better 
realize that mathematics has not been the same since ancient 
times and is still growing. I can only hope that this goal 
has been reached; at least the data does not contradict that 
hope* 0 . . 

Of all the newer concepts, the idea of corresponding pro- 
perties and isomorphism is the one that seems to need most 
.. ::.-.iinproveiDents. This will be introduced earlier in the book 
'and used to -'develop fractional and real exponents. There will 
be an attempt to make the material on groups a little easier. 
Matrices and transformations seem to be at the proper dif- 
■ficulty level as almost all teachers judged these chapters 
to be among the easiest in the book. 

4. Picture of applications . From my questions asked 
v,.informally to classes, in spite of the performance on both 
the opinionnaire and on the ETS exams, I feel that students 
still identify applications with word problems and get psyched^ 
•out before they start. That is, the data seems to support 
the fact that the students^' do have a pretty good picture of 
the enormity of 'applications, but .my emotions tell me that 
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there still is almost' no comfort with these. 

What will be done? Since the traditional word problems 
have few real applications, these will be moved back in the 
book and treated as what they are - puzzle problems • The 
simpler necessary translations (e^g^ hbwmuch do m items 
at 30<^ cost?) wil be moved even earlier in a chapter devoted 
to modeling. Distance formulas will be treated as attempts 
to model so that emphasis will be given to the modeling idea. 
Things like reflections as modeling mirror images, rotations 
as modeling physical turns, and symmetry as modeling balance 
will be mentioned. All this can be done by rephrasing things 
and not adding cpntent so ^f^ill'-not add to the length of the 
book • 

5. Use of geometry . It is hoped that teachers were 
aware that, with the exception of Chapters 1 (real numbers) , 
13 (exponents and 3.ogs) , 15 (advanced manipulation), and 16 
(sums, sequences, statistics) , the material is approached 

in a very geometric manner. The use of transformations en- 
ables this course to be tied in with geometry to an extent 
virtually impossible by any other known approach. Again I 
can only hope that the student sees that geometry need not be 
distinct from algebra. No changes are anticipated. 

6. continuity . The book was designed so that, begin- 
ning with chapter 3, each chapter is heeded at least a little 
for the next, until Chapters 14-16, which can almost be taken 



in any order. Some changes will be made and it is hoped that 
this continuity will not be lessened. 

The movement of applications and modeling to Chapter 
3 will connect with Chapter 2 because the properties of real 
numbers and distance were chosen with applications in mind. 
Modeling will naturally lead in to the geometry (modeling 
the physical world) of Chapter 4. There still will be a 
discontinuous lead-in to the material on sines and cosines 
(Chapter 7 is only sJJ.ghtly needed) but this cannot be avoided. 
Extending the material on isomorphism now makes nth roots 
a; mathematical motivation for complex numbers in addition to 
the existing geometric motivation. Other chapters are left 
nearly the same, except that the always discontinuous ad- 
vanced manipulative techniques will be lengthened. 

It is hoped that the changes might increase the continuity 
and integrative nature of the book and continue the natural 
"spiralling" which is always one of the features of a unified 
approach. 

7. Impl ementa tion . Having come through 6 goals in 
reasonably good shape, I am^worried about this one. The problem 
here is not that teachers felt inadequate - unanimously, teachers 
felt that they had no problem with the material. But those 
who did not have solid mathematics background misjudged dif- 
f iculty -and skipped many of the sections which are keys to 
really understanding what is and has been going on. For exam- 



pie, it was conunon in my visits to schools to note that sec- 
tion 11.5 on scale transformations was being skipped. Here 
is the extension of the graph translation theorem and an ex- 
tension which. can ease so much of what follows. 

Skipping the material on groups (as two teachers did) 
nullifies the developments of complex numbers and logarithms, 
each of which is designed to give students more of a feeling 
for what is going on. And if these things are skipped, it 
is. natural to ask: For what reasons did we study all that 
stuff on transformations and matrices at the beginning of 
the book? 

It seems to me that the problem is not so much getting 
people to teach IM/aTfe getting teachers to realize the power 
of some of the ideas therein so that if they ever teach this 
content (from whatever source) , they will realize what is 
useful and not pass it over. Six years ago, few mathematics 
teachers knew anything at all about transformations and certainly 
little about their power in geometry. In some areas of the 
country, this situation has been turned around. But teacher.s 
seem to fear groups a little more than transformations, and 
I don't know if this fear can easily be overcome. The 8th 
(and most subtle) goal of IM is to turn this fear around. 



INTERMEDIATE MATHEMATICS 
Tentative Revised Section Sequence 



CHAPTER 1: ADDITION AND MULTIPLICATION OF REAL NUMBERS 

1.1 Sentences and Solutions 

1.2 Equations Involving Only Addition 

1.3 Equations Involving Only Multiplication 

1.4 .The Group Properties 

1.5 Repeated Addition and the Distributive Property 

1.6 Repeated Multiplication and the Power Property 

1.7 Halves and Square Roots 

1.8 What Is a Real Number? 

CHAPTER *2: FURTHER PROPERTIES OF REAL NUMBERS 

2.1 Order and Inequality 

2.2 Linear Sentences 

2.3 Solving Linear Sentences 

2.4 Sentence-Solving Involving Two or More Variables 

2.5 . The FOIL Theorem 

2.6 Real Number Lines and One-to-one Correspondence 

2.7 The Nested Interval Property 

CHAPTER 3: APPLICATIONS AND MODELING 

3.1 The Variety of Applications of Mathematics 

3.2 Modeling' 

3.3 . Modeling Distance On a Line 

3.4 Modeling "Nearness" 

3.5 Modeling* Distance In a Plane 

'3.6 Translating Real Situations Into Mathematics 

CHAPTER 4: TRANSFORMATIONS 

4.1 Reflections 

4.2 Notation for Transformations 

4.3 , Translations 

4.4 Rotations 

4.5 Composites of Transformations 

4.6 Composites r of Reflections 

4.7 Congruence ^ 

4.8 Size Transformations and Similarity 
'4.9 Symmetry 

CHAPTER 5: MATRICES ' 



(old) 
6.4 
6.8 
2.8 
2.9 
2.10 



3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 



new 
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5«1 Introduction 

5.2 Matrix Multiplication 

5.3 Applications of Matrix Multiplication to 

Transformations 

5.4 Matrices for Certain Reflections 

5.5 2x2 Mattices and Trails formations 

5.6 Matrices for Certain Rotations 

5.7 Which Transformations Have 2x2 Matrices? 



4-.1 
4.2 
4.3 

4.4 
4.5 
4.6 
4.7 



CHAPTER 6: 



LINES AND CIRCLES 



6.1 Vocabulary- and Notation 5.1 

6.2 Equations for Certain Lines 5.2 
6p3 Equations for All Circles 5.3 

6.4 Translation Images of Graphs 5.4 

6.5 Equations for All Lines 5.5 

6.6 Equations for Lines Satisfying Given Conditions 5.6 
6.7-. Midpoints 5*. 7 
6*8 Inequalities Related to Lines and Circles 5«8 

CHAPTER 7: SYSTEMS 

7.1 Compound Sentences 6.1- 

7.2\ Systems 6.2 

7.3 Strategies for Solving Systems 6.3 

7.4 Applications of Systems new 
7»5 Systems Larger than 2x2 

CHAPTER 8: ROTATIONS, SINES, AND COSINES 

8.1 Rotations About the Origin 7.1 . 

8.2 \Using Tables of Sines and Cosines 7.2 

8.3 Obtaining Values of the Sine and Cosine 7.3 

8.4 The Rotation Matrix 7.4 

8.5 Formulas for cos (x+y) and sin(x+y) 7.5 

8.6 Polar Coordinates 7.6 

8.7 Different Names for the Same Point 7.7 

8.8 Spiral Similarities 7.B 

CHAPTER 9: GROUPS 

9.1 Groups Involving Real Numbers 8.1 

9.2 Group Properties with Composition of 8.2 

Transformations 

9.3 Groups Involving Transformations 8.3 

9.4 The Spiral Similarity Group 8.10 

9.5 Inverses of 2 *x 2 Matrices 8.4 

9.6 Groups Involving Matrices 8.5 

9.7 Solving Systems Using. Matrices 8.6 

CHAPTER 10: GROUPS OF MULTIPLES AND PO^^ERS . ^ - 

10.1 Isomorphic Groups 8.8 

10.2 Examples of Isomorphic. Groups . 8.9 
•10.3 Corresponding Properties of Integral Multiples 13.1 

and Powers 

10.4 Growth Functions - A Need for More Exponents. ' 13.2 

10.5 Rational Multiples and Powers 13.3 

10.6 The Radical Notation for nth Roots 13.4 

10.7 Real Multiples and Powers 13 .,5*- 



CHAPTER 11: 



THE COMPLEX NUMBERS 



11.1 The Complex Number Plane 

11.2 Addition of Complex Numbers 

11.3 Multiplication of Complex Niombers 

11.4 Relating Addition to Multiplication 

11.5 Special Complex .Numbers 

11.6 The a+bi Notation 

11.7 Manipulations in a+bi Notation 

11.8 Are There Positive or Negative Complex Numbers 

11.9 Summarizing the Various Types of Numbers 

CHAPTER 12: QUADRATIC SENTENCES 

12.1 A Mathematical Application of Complex Niombers 

12.2 Manipulations Involving Square Roots 
. 12.3 Equations Involving Radicals 

12.4 Completing the Square 

12.5 The Quadratic Formula 

12.6 Checking Answers in Quadratic Sentences 

12.7 A Typical Application of Quadratic Sentences 

12.8 . Equations for Some Parabolas 

12.9 Quadratic Inequalities 



9.1 
9.2 
9.3 
9.4 
9.5 
9.6 
9.7 
9.8 
9. 9 



10.1 

10.2 

10.3 

10.4 

10.5- 

10.5- 

10.6 

10.7 

10.8 



CHAPTER 13: QUADRATIC RELATIONS 

13.1 . Introduction 

13.2 Ellipses and Hyperbolas 

13.3 Equations for Some Ellipses 

13.4 Equations for Some Hyperbolas 

13.5 Scale Transformations 

13.6 More Equations for Hyperbolas 

13.7 More Equations for Parabolas 

13.8 Reflection Images of Graphs 

13.9 Translation Images of Conies 

13.10 Quadratic Systems 

CHAPTER 14: FUNCTIONS - A UI^IFYING CONCEPT , 

14.1 Function - A Special Type of Relation 

14.2 Function - A Special Type of Correspondence 

14.3 Transformation - A Special Type of Function 

14.4 Com;posites of Functions 

14.5 Ter;ninology Associated with Functions 

14.6 Functions of Variation 

14.7 Functions with Several Defining Sentences 

14.8 Functions with Disconnected Graphs 

14.9 Approximating Functions by Linear Functions 

CHAPTER 15: LOGARITHMS ^ > 



11.1 
11.2 
11.3 
11.4 
11.5 
11.6 
11.7 
11.8 
11.9 
11.10 



12.1 
12.2 
12.3 
12.4 
12.5 
12.6 
12.7 
12.8 
12.9 
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15.1 What are Logarithms? 

15.2 Common Logarithms 

15.3 What Number Has a Given Common Logarithm? 

15.4 Applications 'to Arithmetic 

15.5 Further Applications of Logarithms 

15.6 Logarithms to Bases Other than 10 

15.7 Logarithmic Scales 



new 



13.6 

13.7 

13.8 

13.9 • 

13.10 

13^.11- 



CHAPTER 16: 



TRIGONOMETRY AND CIRCULAR FUNCTIONS 



16.1 Radian Measure 14.1 

16.2 The Sine and Cosine Functions 14.2 

16.3 Symmetries of Sine Waves 14.3 

16.4 Trigonometry - The Law of Cosines 14.4 

16.5 Trigonometry The Law of Sines 14.5 

16.6 The Secant and Cosecant Functions 14.6 

16.7 The Tangent and Cotangent Functions 14.7 

16.8 Trigonometry - The Right Triangle 14.8 
.16.9 Applications of Right Triangle Trigonometry 14.9- 

CHAPTER 17: ADVANCED MANIPULATIVE TECHNIQUES 

17.1 Factoring Quadratic Expressions 15.1 

17.2 Solving Polynomial Equations 15.2 

17.3 Division of Polynomials 15.3 

17.4 Fractional Expressions 15.4 

17.5 Operations with Fractional Expressions 15.5 

17.6 Sentences Involving Fractional Expressions 15.6 

17.7 Puzzle Applications Involving Rates 6.6- 

17.8 • More Puzzle Applications 6.7- 

17.9 Mathematical Applications 6.5- 

CHAPTER 18: SEQUENCES, SUMS, AND STATISTICS 

18.1 Examples of Sequences 16.1 

18.2 Linear (Arithme'tic) Sequences 16.2 

18.3 Exponential (Geometric) Sequences .16.3 

18.4 Sums of Finite Sequences 16.4 

18.5 Notation for Sums ■ ^ 16.5 

18.6 Sums of Infinite Sequences 16.6 ' 

18.7 Simple Statistics 16.7 

18.8 Pascal's Triangle 16.8 

18.9 The Binomial Theorem 16.9 

18.10 Counting, Subsets, and Probability .16.10 

18.11 Binomial and Normal Density Functions 16.11 

CHAPTER 19: SUMMARY: THE MANY FACETS OF VMATHEMATICS 

19.1 Mathematics as a Language 17.1 

19.2 Mathematics as a Language (cont ' ) 17.2 

19.3 Mathematics as a Study of Relationships 17.3 

19.4 Mathematics as a Study of Commonalities 17.4 

19.5 Mathematics as an Aid in Applications 17.5 

/ 



